To assess the association between frailty and osteoporotic vertebral compression fracture (OVCF) and to evaluate the relationship between numbers of OVCFs and frailty. Materials and Methods: We enrolled 760 subjects, including 59 patients (with OVCF) and 701 controls (without OVCF). Successful matching provided 56 patient-control pairs. We analyzed principal clinical and demographic information, which included sex, age, height, weight, body mass index (BMI), variable frailty phenotypes, and Oswestry Disability Index (ODI) and EuroQol 5-dimension questionnaire (EQ-5D) scores. The association between frailty and OVCF was ascertained. In addition, the degrees of disability and quality of life attributable to frailty were determined. Results: The prevalence of frailty was significantly higher in the OVCF group than in the control group (p<0.001). Most of the frailty phenotypes, such as exhaustion, physical inactivity, slowness, and handgrip strength, were also significantly observed in the OVCF group. Within the OVCF group, the participants with frailty had significantly higher disability and lower quality of life than those in a robust state (p<0.001 for ODI and EQ-5D). In addition, the multivariate logistic regression analysis demonstrated that the patients with low BMI [odds ratio (OR)=0.704; 95% confidence interval (CI), 0.543−0.913] and ≥3 fractures (OR=9.213; 95% CI, 1.529−55.501) within the OVCF group were associated with higher odds of frailty. Conclusion: The present study showed significant relationships between frailty and OVCF, severity of symptoms, and disability induced by OVCF. Furthermore, frailty could be a causal and/or resulting factor of OVCFs.
INTRODUCTION
As the mean age of the general population is increasing, one of the most problematic health outcomes is the clinical condition of frailty. 1, 2 Growing research has deemed frailty a serious and increasing public health issue, which develops as a consequence of aging-related decline in many physiological systems, including physical, psychological, and social functions, collectively resulting in a clinical condition with an increased vulnerability to sudden changes in health status triggered by minor stressor events. 2, 3 This increases the risk of adverse outcomes, including falls, delirium, disability, and mortality.
Previous studies have shown that osteoporotic fractures are associated with frailty, and frailty is further worsened after osteoporotic fractures because of deficit accumulation being greater. 4, 5 In addition, a systematic review reported that frailty and pre-frailty are significant predictors of osteoporotic fractures in older adults. 6 Given that osteoporotic vertebral compression fracture (OVCF) is the most common osteoporotic fragility fracture in older adults, 5 a possible association may exists between OVCF and frailty. Nonetheless, frailty in patients with vertebral fragility fractures has not been robustly studied.
We hypothesized that OVCF would be significantly associated with frailty and that a positive correlation exists between frailty and numbers of OVCFs. The purpose of this study was to assess the association between frailty and OVCF and to evaluate the relationship between numbers of OVCFs and frailty.
MATERIALS AND METHODS

Study design and study population
This propensity score-matched case-control study was performed within the framework of a prospective study designed to develop criterion-referenced health-related fitness standards for the National Fitness Award. 7 This study was approved by the Institutional Review Boards of Seoul National University Bundang Hospital and Korea Institute of Sport Science, and was conducted in accordance with the approved study protocol (IRB No. B-1612-373-301). All participants provided written informed consent before study participation. For the study, 760 participants were enrolled, including 59 patients with a diagnosis of OVCF (OVCF group) and 701 healthy individuals without any osteoporotic compression fracture or back pain (control group). The patients with OVCF were recruited from a single center of a tertiary-care teaching hospital and the control subjects from either the National Fitness Award or community centers from August 2014 to February 2017. The eligibility criteria for the OVCF group were as follows: age of 65 to 85 years and an old vertebral compression fracture caused by a minor trauma at least 6 months prior. We defined osteoporotic vertebral fracture as an axial compression of the vertebral body with intact posterior constraining elements, which included wedge, biconcavity, and compression deformity as described by Eastell, el al. 8 The inclusion criteria for the healthy control group were as follows: age of 65 to 85 years, absence of low back pain, and no history of OVCF. The main exclusion criteria for both groups were as follows: any neurological deficit caused by OVCF; severe joint pain impeding walking; presence of peripheral vascular diseases; any clinically significant medical comorbidity, such as sepsis, which might influence the general medical condition of the patients; and cancer. Study subjects with incomplete questionnaire findings were excluded from the study.
Data collection
For each subject, the following baseline clinical and demographic variables were collected: sex, age, height, weight, body mass index (BMI), variables regarding frailty assessment, medical history, and clinical outcomes, including the Oswestry Disability Index (ODI) and the EuroQol 5-dimension questionnaire (EQ-5D). [9] [10] [11] Bone mineral densities at the lumbar spine and hip joints were measured using a dual-energy absorptiometry scan. In addition, radiographic images were obtained in the standing position.
Frailty measurement
Frailty was defined in accordance with the following five phenotypes as reported by Fried, et al. 12 ( Table 1) : weight loss, exhaustion, physical inactivity, slowness, and handgrip strength.
Weight loss
Weight loss was defined as a loss of >5 kg in the prior year.
Exhaustion
Exhaustion was assessed using the following question from the Center for Epidemiological Studies-Depression Scale:
12 A) ''I felt that everything I did was an effort'' and B) ''I could not Weight loss was defined as a loss of more than 5 kg in the last year Exhaustion Self-report of either of the following: (i) felt that everything I did was an effort in the last week or (ii) I could not get going in the last week; 0=rarely or none of the time (1 day), 1=some or a little of the time (1-2 days), 2=a moderate amount of the time (3-4 days), and 3=most of the time. Subjects who answered "2" or "3" were categorized as frail.
Physical inactivity
The lowest sex-specific 20% of the study population (IPAQ score) Slowness 5-meter walk at one's usual pace: lowest sex-specific 20% of the study population get going. '' If answered yes, the following question was asked: ''How often in the previous week did you feel this way?'' Scores ranged from 0 to 3, where 0 indicated rarely or none of the time (1 day), 1 indicated some of the time (1−2 days), 2 indicated a moderate amount of the time (3−4 days), and 3 indicated most of the time. The subjects answering 2 or 3 to either of these questions were categorized as frail, as per exhaustion criterion.
For physical activity, the International Physical Activity Questionnaire-Short Form was used. 13 The participants were asked regarding the amount of time they spent engaged in physical activities during the past week, and those in the lowest quintile were defined as physically inactive.
Slowness
Slowness was defined as the slowest quintile of the walking performance of the subjects at 5 m. Adjustments were made for the sex and standing height of the patients.
Handgrip strength
For the handgrip strength measurement, the participants were instructed to squeeze a handgrip dynamometer (GRIP-D5101; Takei, Niigata, Japan) as hard as possible; this exercise was repeated thrice (once with each hand and then with the strongest hand), and the maximum value was recorded. Sex-and BMIspecific cutoff values for grip strength were used to identify the subjects with frailty. 12 The subjects who did not fulfill any criteria for frailty were considered robust, and those who fulfilled one or two criteria were considered pre-frail. If three or more frail phenotypes existed in the subjects, then they were considered frail.
Clinical outcome variables
The ODI is a self-administered questionnaire that measures back-specific function on a 10-item scale with six response categories for each item. Each item is scored from 0 to 5, and the summation of scores for each item is converted into a 0−100 scale. 9 The EQ-5D-5L is a five-dimensional health-state classification. 11 The five dimensions are mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. An EQ-5D-5L health status is defined by selecting one level from each dimension. The EQ-5D-5L preference-based measure can be regarded as a continuous outcome scored in a scale of 0−1.00, with 1.00 indicating full health and 0 representing death.
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Statistical analysis
The t-test and chi-square test were used to analyze unadjusted continuous and categorical variables. To adjust the differences in the baseline characteristics and influential factors for frailty, a propensity score-matched algorithm was used. The propensity score was estimated using a logistic regression model to balance the baseline covariates between the two groups.
14 For this study, one-to-one matching was used with a nearest neighbor matching without replacements, in which each case in the control group was matched with a unique case in the OVCF group based on the nearest propensity scores. Factors associated with frailty, such as age, sex, BMI, education level, and income, were considered as confounders, and used in the logistic regression analysis. 2, [15] [16] [17] This procedure produced 56 wellmatched pairs in the OVCF and control groups. Three subjects in the OVCF could not be matched with those in the control group because of a fairly large discrepancy in the propensity scores of three subjects between both groups.
In the propensity score-adjusted groups, the baseline clinical and demographic variables were analyzed using the t test and chi-square test for categorical and continuous data analyses. The adjusted prevalence of frailty was compared between the OVCF and control groups. Given the difference in the prevalence of frailty between the two groups, the post hoc power was also calculated. The Kruskal-Wallis test with post hoc Bonferroni-corrected Mann-Whitney tests was used for the comparison of the clinical outcomes and other variables within each study group. Furthermore, the analysis of covariance was conducted to stratify age and sex.
In the OVCF group, the chi-square test was used to analyze the association between the numbers of OVCF and frailty. To adjust for the confounders, such as age, BMI, and sex, univariate and multivariate models were created. The variables that were significantly associated with frailty at p values of <0.10 in the univariate analysis were entered in the multivariate model, along with potentially important variables, including age, BMI, and sex, regardless of their statistical significance. For the multivariate model, we anticipated a potential issue of collinearity between the variables and set an a priori rule to exclude variables with correlation coefficients of ≥0.50. The alpha level of significance was set at 0.05. All statistical analyses were performed using the SPSS version 20.0 software (IBM Corp., Armonk, NY, USA), except the post hoc power analysis. Given the difference in the prevalence of frailty between the groups, a post hoc power analysis was also performed in 56 matched cases and controls, with an alpha value of 0.05 using G*power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007).
RESULTS
Unadjusted case-control group
In total, 760 subjects were recruited in the study, including 59 patients in the OVCF group and 701 individuals in the control group (Fig. 1) . Table 2 demonstrates the baseline characteristics of the participants in both groups. Significant differences were found in sex distribution and income (p<0.001 and p= 0.022, respectively). As expected, the clinical outcomes, including the ODI and EQ-5D findings, were significantly worse in the OVCF group than in the control group (p<0.001 for both Fig. 1 . Enrollment, group assignment, and propensity score matching. OVCF, osteoporotic vertebral compression fracture.
variables). Furthermore, the subjects in the OVCF group had a significantly higher percent ratio of frail and pre-frail states than the control group (p<0.001). In the OVCF group, all patients had a vertebral fracture from T7 to L5, and the most frequent fractured level was L1 in 27 patients. Twenty-eight patients (50%) had multiple OVCFs.
Propensity score-matched case-control group
The propensity score matching yielded 56 well-matched patients with OVCF and control pairs (Fig. 1) . After matching, no significant difference was found between the two groups in terms of age, sex, BMI, educational level, and income. However, the OVCF group demonstrated significantly higher disability (ODI) and lower health-related quality of life (EQ-5D findings; p<0.001 for both variables) than the control group. Table 3 shows that the OVCF group had a significantly higher prevalence of frailty than the control group (p<0.001); 24 (42.9%) and 22 participants (39.3%) in the OVCF group and 2 (3.6%) and 24 participants (42.9%) in the control group were considered frail and pre-frail, respectively ( Table 3 ). The post hoc power analysis confirmed this difference in mean and standard deviation in the ratio of frail to pre-frail and robust participants, with an alpha value of 0.05 and a statistical power of 100.0%. Among the frailty criteria, no significant difference in weight loss was found between the two groups, whereas the other criteria were significantly different between them (Table 3) .
Within-group analysis for the relationship between frailty and clinical outcomes
Within the OVCF group, the participants with frailty had significantly higher disability and lower quality of life than those in a robust state (p<0.001 for ODI and EQ-5D) ( Table 4) . The post hoc analysis with Bonferroni correction for the ODI and EQ-5D scores showed significant differences between the frail and pre-frail patients (p=0.034 and p=0.032, respectively) and between the frail and robust patients (p<0.001 and p=0.004, respectively) in the OVCF group. After adjustments for age and sex, the ODI and EQ-5D were significantly different with regard to the frailty status in the OVCF group (Table 4) . Table 5 demonstrates the association between the numbers of OVCFs and frailty. The patients who had ≥3 vertebral fractures had a significantly higher risk for frailty (p=0.013) in the OVCF group. In the univariate logistic model, consisting of the OVCF group, education level, income, living status, alcohol habitus, smoking, and any kind of chronic disease did not have significant association with frailty at a p value of <0.1. Therefore, the final multivariate logistic analysis was performed in the OVCF group so that the impact of age, sex, BMI, and number of fractures could be assessed. It demonstrated that BMI [p=0.008; odds ratio (OR), 0.704; 95% confidence interval (CI), 0.543−0.913] and the numbers of OVCFs (≥3 fractures vs. <3 fractures; p= 0.015; OR, 9.213; 95% CI, 1.529−55.501) were significantly associated with lower and higher odds of frailty, respectively.
Numbers of OVCFs and frailty
DISCUSSION
The study shows that frailty is prevalent in the patients with OVCF. More than 50% of the patients in the OVCF group were classified as "frail" according to the Fried frailty criteria. In the OVCF group, the patients with frailty had higher disability and lower health-related quality of life. Furthermore, the numbers of OVCF were significantly related to frailty.
Although frailty has emerged as a significant issue in older adults, frailty in patients with vertebral fragility fractures has been underestimated, compared with that in patients with osteoporotic hip fractures. The Global Longitudinal Study of Osteoporosis in Women (GLOW) study demonstrated that frailty, according to the Fried frailty criteria, appeared to be associated with fragility fractures, disabilities, and falls. 5, 18 However, this study included only 2% of their total cohort patients with existing vertebral fractures. 18 Two previous studies investigated the association between vertebral compression fracture and frailty. 5, 19 Kado, et al. 19 reported that older women with incident vertebral fractures have an increased risk of mortality, which can be explained by weight loss and physical frailty. However, their study did not use any specific frailty diagnostic criteria, but included only physical frailty markers, such as weight loss, inability to rise from a chair, and difficulty standing on the feet for 2 hours. 19 A recent study by Walters, et al. 5 showed that frailty is prevalent in patients hospitalized owing to vertebral fragility fractures.
The within-group analysis revealed that frailty had a stronger relationship with more severe symptoms and higher disability induced by OVCF. This result can also be explained by the fact that frailty might directly aggravate the disability and health-related quality of life of patients with OVCF. The present study could not show a causal relationship between OVCF and frailty owing to its cross-sectional design. Nonetheless, we can surmise the relationship from previous studies. 4, 18, 19 In fact, frailty is well known to be a significant risk factor of fall and osteoporotic fracture. 6, 18, 20, 21 Kado, et al. 19 reported that physical frailty may be a risk factor of vertebral fractures, but is like-ly a complication that occurs after vertebral fractures. A study using data from the GLOW Hamilton 3-year cohort clearly showed that the increase in frailty index was significantly greater in the participants with major osteoporotic fractures than in those without major osteoporotic fractures, indicating increasing frailty incidences and faster deficit accumulation in older women after major osteoporotic fractures. 4 Therefore, based on the results of the present and previous studies, we consider that frailty causes or results from incident vertebral fractures. 4, [18] [19] [20] In addition, the increased numbers of OVCFs were significantly associated with a higher prevalence of frailty in the OVCF group. After adjustments for age, sex, and BMI, ≥3 OVCFs were associated with higher odds for frailty than a single number of fracture. This result is in line with the results of a previous study that used the GLOW database, 4 in which the increase in the frailty index was significantly greater in the older women experiencing a major osteoporotic fracture than in their peer controls. Therefore, we consider that OVCF has an accumulative effect on increasing frailty incidences and worsening deficits. However, patients with frailty might have higher odds for multiple compression fractures.
This study had several limitations. First, the sample size in the OVCF group was relatively smaller than that in the control group. Although the post hoc power was 100%, such a relatively small sample size in the OVCF group might have led to a selection bias. Second, the present study could not reveal the causal relationship between OVCF and frailty, owing to the cross-sectional design of the study. However, we think that OVCF would be a cause and/or result of frailty. Future longitudinal studies may provide some values to the existing evidence on frailty and OVCF. Third, the relationship between sagittal alignment, including lumbar lordosis and kyphosis, and ODI/EQ-5D should have been analyzed. However, because radiography was obtained only at the fracture level, the global and focal alignment could not be measured.
In conclusion, the present study demonstrates a significant association between OVCF and frailty. Clinical outcomes, such as disability and health-related quality of life, were significantly associated with frailty in the OVCF group. Therefore, as hip fractures have traditionally been regarded to represent frailty, 4, 6, 18, 21, 22 proper attention and management of both frailty and OVCF are necessary because both have reciprocal interaction, that is worsening frailty deficits by fracture and accelerated risk of OVCF by frailty.
